INTRODUCTION {#sec0005}
============

While a high midlife body mass index (BMI) has been associated with an increased incidence of Alzheimer's disease (AD) dementia \[[@ref001]\], a recent large epidemiological study revealed that underweight status in midlife increased the risk of AD dementia \[[@ref005]\]. In terms of late-life BMI, some studies reported that a higher BMI was associated with an increased dementia risk \[[@ref006]\], whereas others showed that a low BMI or underweight status increased the risk \[[@ref002]\]. In regard of earlier adult BMI, two previous studies found that a low BMI at ages of 20 or 30 years significantly increased the risk of AD dementia \[[@ref001]\].

In addition, two prospective studies described prominent sex differences for the relationship between BMI and AD dementia risk \[[@ref001]\].

Several postmortem or *in vivo* AD biomarker studies have sought to discover neuropathological links between BMI and AD, but the efforts yielded inconsistent findings. One study found that a higher midlife BMI was associated with a greater cerebral amyloid-β (Aβ) burden \[[@ref011]\], and others reported relationships between a lower late-life BMI and increased Aβ deposition \[[@ref012]\].

Although evidence indicates that the relationship exists between BMI and AD that differ by both sex and age when BMI is measured, very little information is yet available on sex- or age-specific associations between BMI and AD neuropathological changes. In this context, we examined sex-specific associations between the BMI at different life stages (early adulthood, midlife, and late-life) and *in vivo* cerebral Aβ deposition and AD-signature region cortical thickness in cognitively normal (CN) older adults.

METHODS {#sec0010}
=======

Participants {#sec0015}
------------

This study is a part of the Korean Brain Aging Study for Early Diagnosis and Prediction of Alzheimer's Disease (KBASE), an ongoing prospective cohort study established in 2014 \[[@ref015]\]. We included 108 female and 104 male CN individuals enrolled in the KBASE between April 2014 and March 2016. All were at least 60 years of age and underwent comprehensive clinical, neuropsychological, brain imaging examinations, and clinical laboratory assessments including apolipoprotein E (*APOE*) genotyping. The inclusion criteria were: (a) age 60--90 years, (b) Clinical Dementia Rating score 0; and (c) no diagnosis of mild cognitive impairment or dementia. The exclusion criteria were: (a) any serious medical, psychiatric, or neurological disorder that could affect mental functioning; (b) any severe communication problem that would render clinical examination or brain scanning difficult; (c) contraindications to magnetic resonance imaging (MRI); (d) absence of a reliable informant; (e) illiteracy; and (f) participation in another clinical trial or treatment with an investigational product. The Institutional Review Board of the Seoul National University Hospital and SNU-SMG Boramae Medical Center, South Korea, approved the study, and all subjects gave written informed consent.

Clinical assessment {#sec0020}
-------------------

All participants underwent standardized clinical assessments by trained psychiatrists based on the KBASE protocol that incorporated the Korean version of the Consortium to Establish a Registry for Alzheimer's Disease Assessment Packet (CERAD-K) \[[@ref016]\]. The KBASE neuropsychological assessment protocol incorporating the CERAD neuropsychological battery \[[@ref017]\] was also administered to all participants by trained neuropsychologists. Vascular risk factors (VRFs), including diabetes, hypertension, dyslipidemia, coronary heart disease, transient ischemic attack, and stroke were assessed via systematic interviews with participants and their informants by trained nurses. The VRF score (VRS) was calculated as the number of the VRFs present and reported as a percentage \[[@ref018]\]. The VRS was treated as a continuous variable for analysis. The Geriatric Depression Scale (GDS) \[[@ref019]\] was used to measure the severity of depressive symptoms. Smoking status (never/former/smoker), alcohol intake status (never/former/drinker), and lifetime physical activity was evaluated through nurse interview. Lifetime Total physical Activity Questionnaire \[[@ref020]\] was used to assess lifetime physical activity. A metabolic equivalent (MET) value was assigned to the intensity of activity based on the Compendium of physical activities \[[@ref021]\].

BMI measure {#sec0025}
-----------

BMI was the weight in kilograms divided by the square of the height in meters. Research nurses measured the height and body weight of all participants and calculated the current or late-life BMI (BMI~late~). All participants were asked to recall their body weights at 20, 30, 40, and 50 years of age. If a participant reported a range, the median was used in calculation. Self-recall of past body weight in older adult was well-validated in a previous, large, long-term prospective study \[[@ref022]\]: When older adults \[mean(SD) = 70(10.5) years of age\] recalled their weights at age 30, 40, and 50 years, the correlation coefficiencts between the real and recalled values were 0.87, 0.89, and 0.90 (all *p* \< 0.0001) in the cited study \[[@ref022]\].

The BMI at each lifetime point was calculated using the self-recalled body weight and the current height. Height at 20 years of age was also recalled and used in place of the current height when sensitivity analyses were performed. We considered the average of BMIs at 20 and 30 years to be the early adulthood BMI (BMI~early~) and the average BMIs at 40 and 50 years to be the midlife BMI (BMI~mid~).

Measurement of Aβ biomarker {#sec0030}
---------------------------

All participants underwent simultaneous three-dimensional (3D) \[^11^C\] Pittsburg compound B (PiB)-positron emission tomography (PET) and 3D T1-weighted MRI using a 3.0T Biograph mMR (PET-MR) scanner (Siemens, Washington DC, USA) according to the manufacturer's protocols. We have described the details of PiB-PET image acquisition and preprocessing previously \[[@ref024]\]. The automatic anatomic labeling algorithm and the region combination method \[[@ref025]\] were used to determine regions of interest (ROIs) and to characterize PiB retention in the frontal, lateral parietal, posterior cingulate-precuneus, and lateral temporal regions. A global cortical ROI (consisting of the four smaller ROIs) was also defined. A global Aβ retention value, the standardized uptake value ratio (SUVR) for the global cortical ROI, was calculated by dividing the mean values for all voxels of the global cortical ROI by the mean cerebellar uptake value evident in the same images \[[@ref026]\]. A participant was classified as Aβ positive if the SUVR of the global ROI was \>1.21 \[[@ref027]\].

Measurement of neurodegeneration biomarker {#sec0035}
------------------------------------------

All T1-weighted images were acquired in the sagittal orientation using the abovementioned 3.0T PET-MR machine. MRI imaging acquisition and preprocessing were earlier described by our group \[[@ref024]\]. All MR images were automatically segmented using FreeSurfer version 6.0 (<http://surfer.nmr.mgh.harvard.edu/>) with manual correction of minor segmentation errors on all scans. AD-signature region cortical thickness (AD-CT) was defined as a mean cortical thickness of AD signature regions, including the entorhinal, inferior temporal, middle temporal, and fusiform gyrus based on the Deskkan-Killiany atlas \[[@ref028]\]; all are known to be sensitive to AD-associated changes \[[@ref029]\].

Statistical analyses {#sec0040}
--------------------

We performed sex-specific analyses. Multiple linear regression was used to test the association between BMI (the independent variable) and current global Aβ retention (dependent variable) after controlling for age, apolipoprotein E *ɛ*4 (*APOE4*) status, and VRS (covariates). In order to test the association between BMI and AD-CT, the same analysis was performed while controlling the effect of global Aβ retention, as well as age, APOE4 status and VRS. We performed separate regressions analyses for each life period (thus using BMI~early~, BMI~mid~, and BMI~late~). We applied the Bonferroni correction for multiple testing; the threshold for statistical significance was thus *p* \< 0.017 (i.e., = 0.05/3). To define BMI ranges that significantly affects AD biomarkers, we divided the BMIs exhibiting significant relationships with global Aβ retention (or AD-CT) into three strata: \<21 (underweight), 21--25 (healthy weight), and \>25 mg/kg^2^ (overweight) by reference to a previous report \[[@ref005]\]. We slightly modified the BMI definitions of underweight used in that report (underweight \<20, healthy weight 20.0--24.9, overweight 25.0--29.9, and obese ≥30 mg/kg^2^) to improve statistical stability because, in our sample, the proportions of underweight and obese individuals were small when the definition of cited report were used. We performed general linear model (GLM) analysis using the stratified BMIs as independent variables. The model included age, APOE4 status, and the VRS as covariates. When the GLM indicated significance, *post-hoc* tests were performed using the least significant difference (LSD) method. As the GLM analysis was performed for exploratory purpose, *p* \< 0.05 served as the statistical threshold. All analyses were performed with the aid of IBM SPSS Statistics version 22.

RESULTS {#sec0045}
=======

Participant characteristics {#sec0050}
---------------------------

The demographic and clinical characteristics of all subjects are presented in [Table 1](#jad-75-jad191216-t001){ref-type="table"}. There were significant differences of BMI~early~, education, smoking status, alcohol drinking status, and lifetime physical activity between male and female, while no significant sex-difference was found for other variables.

###### 

Demographic, clinical, and biological characteristics by sex

  Characteristics              Men (*n* = 104)   Women (*n* = 108)     *p*
  --------------------------- ----------------- ------------------- ---------
  Age                            71.3 (7.1)         70.9 (6.4)        0.659
  Education                      13.1 (4.1)         9.79 (4.76)      \<0.001
  *APOE* *ɛ*4 carriers (%)        20 (19.2)          18 (16.8)        0.649
  BMI measures                                                      
    Current BMI (late life)      23.9 (2.9)         24.4 (2.9)        0.303
    BMI in mid-life              23.7 (2.6)         23.4 (2.6)        0.466
    BMI in early adult           22.4 (2.2)         21.7 (2.6)        0.047
  Vascular risks (%)                                                
    Diabetes mellitus             24 (19.2)          22 (16.4)        0.480
    Hypertension                  46 (44.2)          53 (49.1)        0.133
    Hyperlipidemia                 27 (26)           42 (38.9)        0.132
    Coronary heart disease         5 (4.8)            7 (6.5)         0.598
    Stroke                          0 (0)              0 (0)        
    TIA                             1 (1)              0 (0)          0.307
  VRS                           16.0 (15.39)       18.8 (15.97)       0.195
  GDS score                      4.58 (4.91)        5.15 (4.62)       0.384
  Smoking status (%)                                                 \<0.001
    Never                         35 (33.7)         106 (98.2)      
    Former                        60 (57.7)           1 (0.9)       
    Smoker                         9 (8.7)            1 (0.9)       
  Alcohol drink status (%)                                           \<0.001
    Never                         22 (21.1)          95 (88.0)      
    Former                        29 (27.9)            0 (0)        
    Drinker                       53 (51.0)          13 (12.0)      
  Lifetime physical            93.923 (64.621)    72.252 (49.355)     0.007
    activity                                                        
  Global Aβ deposition           1.21 (0.29)        1.20 (0.23)       0.817
  Aβ positivity (%)               20 (19.2)          25 (23.1)        0.486
  AD-CT                         2.821 (0.181)      2.865 (0.175)      0.077

Data are presented as mean (SDs) or as *n* (%). *APOE*, apolipoprotein E; BMI, body mass index; TIA, transient ischemic attack; VRS, vascular risk score; GDS, Geriatric depression scale; Aβ, amyloid-β; AD-CT, Alzheimer's disease signature cortical thickness.

Association between BMI at each life stage and cerebral Aβ deposition {#sec0055}
---------------------------------------------------------------------

In males, multiple linear regression revealed that both BMI~early~ and BMI~mid~ were significantly negatively associated with global Aβ retention ([Table 2](#jad-75-jad191216-t002){ref-type="table"} and [Fig. 1](#jad-75-jad191216-g001){ref-type="fig"}A--C) whereas BMI~late~ was not. Additional exploratory GLM analysis showed that the BMI~early~ strata (BMI \<21, 21--25, and BMI \>25 mg/kg^2^) differed in terms of global Aβ retention levels; the lowest BMI~early~ stratum (BMI \<21) was associated with higher Aβ retention than the other two BMI~early~ strata on *post hoc* analysis ([Fig. 2](#jad-75-jad191216-g002){ref-type="fig"}A). The three BMI~mid~ strata did not differ significantly in terms of Aβ retention. In contrast to males, we observed no significant relationship between BMI at any life stage and Aβ retention in females ([Table 2](#jad-75-jad191216-t002){ref-type="table"} and [Fig. 1](#jad-75-jad191216-g001){ref-type="fig"}D--F).

###### 

Association of BMI in each life period with global cerebral Aβ deposition

  Sex                        B       SE      Beta      *p*     *pB*
  ---------------------- --------- ------- --------- ------- --------
  Men                                                        
    BMI in early adult    --0.038   0.012   --0.285   0.003   0.009
    BMI in mid-life       --0.028   0.011   --0.258   0.009   0.027
    Late-life BMI         --0.021   0.010   --0.212   0.042   0.126
  Women                                                      
    BMI in early adult    --0.002   0.008   --0.026   0.786   \>0.99
    BMI in mid-life        0.003    0.008    0.041    0.673   \>0.99
    Late-life BMI          0.003    0.007    0.038    0.690   \>0.99

The results of multivariate linear regression models and the beta coefficients. Adjusted for age, apolipoprotein *ɛ*4 positivity, and vascular risk score. BMI, body mass index; Aβ, amyloid-β; *pB*, *p*-value corrected by Bonferroni's method.

![Body mass index and amyloid beta deposition. Partial regression plot showing relationships between past and current BMIs and amyloid-β deposition after adjusting for covariates in males (A, B, C), and female (D, E, F).](jad-75-jad191216-g001){#jad-75-jad191216-g001}

![Differences in AD biomarker level by BMI stratum. Differences in adjusted means of global Aβ deposition between early adulthood BMI strata (A), and Adjusted means of AD signature region cortical thickness between midlife BMI strata in males (B).](jad-75-jad191216-g002){#jad-75-jad191216-g002}

Association between BMI in each life stage and AD signature cortical thickness {#sec0060}
------------------------------------------------------------------------------

In males, BMI~mid~ was significantly positively associated with AD-CT. In contrast, BMI~early~ and BMI~late~ was not associated with AD-CT ([Table 3](#jad-75-jad191216-t003){ref-type="table"} and [Fig. 3](#jad-75-jad191216-g003){ref-type="fig"}A--C). Exploratory GLM analysis showed that, on *post hoc* analysis, the three BMI~mid~ strata differed significantly in terms of AD-CT; the highest BMI~mid~ (BMI \>25 mg/kg^2^) was associated with a greater AD-CT than the other two strata ([Fig. 2](#jad-75-jad191216-g002){ref-type="fig"}B). In females, none of the BMI strata at any life stages was significantly associated with AD-CT ([Table 3](#jad-75-jad191216-t003){ref-type="table"} and [Fig. 3](#jad-75-jad191216-g003){ref-type="fig"}D-E).

###### 

Association between BMI in each life period and AD signature cortical thickness

  Sex                       B      SE     Beta     *p*     *pB*
  ---------------------- ------- ------- ------- ------- --------
  Men                                                    
    BMI in early adult    0.006   0.008   0.064   0.462   \>0.99
    BMI in mid-life       0.015   0.006   0.219   0.014   0.043
    Late-life BMI         0.013   0.006   0.221   0.017   0.051
  Women                                                  
    BMI in early adult    0.002   0.006   0.029   0.736   \>0.99
    BMI in mid-life       0.003   0.006   0.044   0.601   \>0.99
    Late-life BMI         0.006   0.005   0.103   0.212   0.636

The results of multivariate linear regression models are presented with the beta coefficient. Adjusted for age, apolipoprotein *ɛ*4 positivity, vascular risk score, and global cerebral Aβ retention. BMI, body mass index; AD, Alzheimer's disease; *pB*, *p*-value corrected by Bonferroni's method.

![Body mass index and AD signature cortical thickness. Partial regression plot showing relationships between past and current BMIs and AD signature cortical thickness after adjusting for covariates in males (A, B, C), and females (D, E, F).](jad-75-jad191216-g003){#jad-75-jad191216-g003}

Sensitivity analyses {#sec0065}
--------------------

We performed the same multiple regression analyses using the BMIs based on the height at age 20 years instead of the current height. The results were consistent. We further conducted sensitivity analyses by changing the age points of BMI measurement to 20, 30, 40, and 50 years, and the current (late-life) age, instead of early adulthood (20--30 years), midlife (40--50 years), and current age; the finding were similar. The sensitivity analyses including GDS, smoking status, alcohol intake status, and lifetime physical activity as additional covariates produced similar results ([Tables 4](#jad-75-jad191216-t004){ref-type="table"} and [5](#jad-75-jad191216-t005){ref-type="table"}).

###### 

Results from sensitivity analyses^\*^ for the association of BMI in each life period with global cerebral Aβ deposition

  Sex                        B       SE      Beta      *p*     *pB*
  ---------------------- --------- ------- --------- ------- --------
  Men                                                        
    BMI in early adult    --0.036   0.013   --0.272   0.006   0.018
    BMI in mid-life       --0.028   0.011   --0.254   0.012   0.037
    Late-life BMI         --0.023   0.011   --0.240   0.028   0.084
  Women                                                      
    BMI in early adult    --0.001   0.008   --0.018   0.854   \>0.99
    BMI in mid-life        0.004    0.008    0.045    0.661   \>0.99
    Late-life BMI          0.003    0.007    0.038    0.696   \>0.99

^\*^Adjusted for GDS score, smoking status, alcohol intake status, and lifetime physical activity as well as age, apolipoprotein *ɛ*4 positivity, and vascular risk score. BMI, body mass index; Aβ, amyloid-β; GDS, geriatric depression scale; *pB*, *p*-value corrected by Bonferroni's method.

###### 

Results from sensitivity analyses^\*^ for the association between BMI in each life period and AD signature cortical thickness

  Sex                       B      SE     Beta     *p*     *pB*
  ---------------------- ------- ------- ------- ------- --------
  Men                                                    
    BMI in early adult    0.005   0.008   0.059   0.520   \>0.99
    pBMI in mid-life      0.014   0.006   0.205   0.027   0.080
    Late-life BMI         0.013   0.006   0.220   0.027   0.081
  Women                                                  
    BMI in early adult    0.001   0.006   0.020   0.973   \>0.99
    BMI in mid-life       0.002   0.006   0.033   0.712   \>0.99
    Late-life BMI         0.007   0.005   0.109   0.206   0.618

^\*^Adjusted for GDS score, smoking status, alcohol intake status, and lifetime physical activity as well as age, apolipoprotein *ɛ*4 positivity, vascular risk score, and global cerebral Aβ retention. BMI, body mass index; AD, Alzheimer's disease; GDS, geriatric depression scale; *pB*, *p*-value corrected by Bonferroni's method.

DISCUSSION {#sec0070}
==========

We investigated the sex-specific association of BMI at each life stage with *in vivo* cerebral Aβ deposition and the AD-CT of cognitively healthy older adults. In males, lower BMI prior to late life was closely related to greater Aβ deposition. In addition, lower BMIs in midlife was associated with reduced AD-CT. In females, however, we found no significant relationship between past or current BMI and AD biomarkers. To the best of our knowledge, this is the first report on the age- and sex-specific influence of BMI on *in vivo* AD-related brain pathologies.

The male-specific association of lower BMI~early~ and BMI~mid~ with greater Aβ deposition is in line with the epidemiological report of the Baltimore Longitudinal Study of Aging (BLSA) \[[@ref001]\]. Over about 23 years follow-up, the BLSA reported that being underweight at age 30, 40, or 45 years increased the risk of AD more than five-fold in males but not females. This sex-specific association may be explained by the different types of body fat. Even with the same BMI, males have less subcutaneous fat than females \[[@ref030]\]. Leptin, a hormone synthesized by fat to regulate appetite and energy expenditure \[[@ref031]\], reduces Aβ levels both *in vivo* and *in vitro*. As leptin expression is greater in subcutaneous than visceral fat \[[@ref031]\], leptin is more likely to be low in thin males compared to thin females. This may explain male-specific inverse association between past BMI and Aβ deposition. Another possible explanation is that the difference in estrogen production between the sexes may play a part. Like leptin, estrogen reduces Aβ production and protects against Aβ deposition \[[@ref037]\]. In males, estrogen production mainly depends on peripheral aromatization of testosterone in fat \[[@ref039]\], while estrogen is produced principally by the ovaries in females \[[@ref040]\]. Therefore, a low BMI prior to late life may result in decrease of estrogen production from fat and subsequent increase of Aβ pathology in male, but not in female.

A recent study on non-demented elderly subjects showed that a lower late-life BMI was associated with increased the brain Aβ burden \[[@ref013]\]. We observed a similar relationship prior to correction for multiple comparisons ([Table 2](#jad-75-jad191216-t002){ref-type="table"}). However, this relationship may reflect the correlation between earlier and late life BMIs. When we controlled for BMI~early~, the associations between BMI~late~ and Aβ disappeared, indicating that earlier BMI made a major contribution to Aβ deposition.

We found that a lower BMI~mid~ was significantly associated with decreased AD-CT in males, but not in females. Although statistical significance was not attained, there was a trend toward an significant association between lower late life BMI and a reduced AD-CT. Similarly, a cross-sectional MRI study on a population ranging very widely in age (including young to old adults) found a significant positive relationship between BMI and regional brain volume only in males \[[@ref041]\]. Again, leptin and estrogen may be responsible for the relationship between a lower BMI and cortical atrophy of AD-related regions in males. Leptin stimulates neurogenesis \[[@ref042]\], reduces neurodegeneration \[[@ref043]\], and attenuates accumulation of phosphorylated tau \[[@ref034]\]. Estrogen has diverse neuroprotective effects including reducing Aβ-associated neurotoxicity \[[@ref044]\], improving synapse formation \[[@ref045]\], increasing cerebral blood flow and metabolism \[[@ref047]\], and reducing mitochondrial damage \[[@ref048]\]. As mentioned above in the context of amyloid deposition, a relative shortage of leptin or estrogen may render males with lower BMIs more vulnerable to various neurodegenerative processes. However, reverse causality must also be considered. AD-related neurodegenerative process may affect brain regions associated with energy metabolism or dietary habit, which results in BMI decrease \[[@ref049]\].

The relationships that we found between a lower BMI prior to late life and increased AD pathologies are in line with several previous studies reporting that being underweight in early adulthood or midlife increased the risk of AD dementia \[[@ref001]\]. However, other studies reported that being overweight or obese in midlife increased the incidence of AD dementia \[[@ref002]\], the cerebral Aβ burden \[[@ref011]\], or brain atrophy \[[@ref051]\]. The inconsistency may reflect differences in participants characteristics, such as the proportions of those with severe cerebrovascular burdens or those who were overweight/obese or underweight. Anstey et al. \[[@ref004]\]. found a U-shaped relationship between BMI in midlife and the AD dementia risk, suggesting that both overweight and underweight status may elevate the risk. As the proportion of participants who are obese (BMI ≥30 mg/kg^2^) was very small in the current sample (0.5% in early adulthood, 1.9% in midlife, and 3.8% in late life), we were perhaps unable to find a significant association between midlife high BMI and *in vivo* AD pathologies. In addition, individuals with severe cerebrovascular disease, which might be associated with overweight status, were not included in our study under the strict inclusion and exclusion criteria.

Several potential limitations must be discussed. First, we used recalled body weight to measure the past BMI, which may result in recall bias. However, a previous study demonstrated that past weight recalled by elderly people with normal cognitive function was quite accurate \[[@ref022]\], such that the correlations between the real and recalled values were very high (above 0.87∼0.90) and the difference between actual weights measured 26 years prior and recalled weight was only 0.67 kg. Although a difference between real and recalled weight was evident when the current BMI was \>30 kg/m^2^ and the current age ≥90 years \[[@ref022]\], we excluded those aged ≥90 years and only \<3% of our participants had BMIs \>30 kg/m^2^. Together, the data support the validity of our past BMI measurement. In addition, obese/overweight individuals tends to underestimate their past body weights, while slender individuals tend to overestimate \[[@ref023]\]. Therefore, overall variation of self-recalled BMI would be smaller than that of actually measured BMI. This implies that the correlation between self-recalled BMI and AD biomarkers could be weaker than the correlation between actual BMI and AD biomarkers. Given such smaller effect size, we can expect that the direction of bias due to recall error is towards the null. Nevertheless, our study revealed the significant relationship between BMI and AD biomarkers, supporting the true relationship. Second, given the cross-sectional design, inferring causal relationships is difficult. However, as AD pathologies (Aβ deposition in particular) were significantly associated with early adulthood, but not current (late life) BMI, the pathologies appear to be the consequence of a low, past BMI rather than the cause of the BMI decrease. Third, various lifestyle factors and mood status may confound the association between BMI and AD biomarkers. In order to minimize the possibility, we conducted sensitivity analyses including smoking status, alcohol intake status, lifetime physical activity, and GDS as additional covariates and obtained similar results. Nevertheless, we could not control food intake or dietary quality due to lack of information. Further studies need to be conducted considering dietary quality or nutritional components of intake foods.

Conclusions {#sec0075}
-----------

Our results support a male-specific association between BMI prior to late life, and *in vivo* AD pathologies. Avoiding underweight status early in life may be important to prevent AD dementia in males, but not females.
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